This paper studies the causal effect of the voluntary contributions of labour to local services, in the form of voluntary provision of daily care to the elderly, on elderly mortality. To identify the causal effect, I exploit the earthquake that occurred in midwestern Japan in 1995 as a natural experiment inducing exogenous variation in the level of contributions. Based on a comparison of mortality between the municipalities that recorded no or little loss of life due to the earthquake but experienced a sharp increase in the level of contributions, and the nearby municipalities that were not hit by the earthquake, I find that the voluntary provision of daily care to the elderly significantly reduced elderly mortality. A series of robustness checks and falsification exercises are conducted to confirm that the results are not driven by the direct effects of the earthquake.
Introduction
Millions of people across the world work for free. Globally, 21% of individuals volunteered in 2013 on average, and in particular, the United States recorded the highest volunteer participation rate of 44% among developed countries. 1 Furthermore, the hours of work contributed are not trivial: for instance, Americans volunteered approximately 7.7 billion hours in 2013, 2 corresponding to nearly 4 million full-time equivalents and 38 hours per working-age person. Despite the significant amount of voluntary contributions of labour, formal research on its potential benefit is scarce. Among the various types of voluntary contributions of labour, this study focuses on voluntary work providing daily assistance to the elderly. Evaluating the impact of such voluntary work is particularly important due to ongoing global population ageing, which has resulted in rapid growth in the need for support for the elderly. For governments to consider encouraging voluntary work as a means to help accommodate the growing needs of an ageing population, they need to be informed of its benefits. Among various possible benefits of this type of voluntary work, this study investigates its effect on elderly mortality.
A major challenge in identifying the causal effect of voluntary work on mortality is the endogeneity of volunteering. There may be more voluntary contributions of labour in municipalities 1 The participation rates are defined for individuals aged 15 or above and are obtained from the World Giving Index 2014, which includes data from 135 countries (Charities Aid Foundation, 2014) . The figures are based on volunteer participation during one month prior to surveys conducted in 2013.
2 Hours contributed are obtained from the Corporation for National and Community Service (2014) . The value presented is estimated hours spent on formal voluntary activity.
with a large number of people at high risk of mortality, such as the elderly. Thus, it is difficult to conclude if the level of volunteering affects mortality or vice versa. Equally, unobserved heterogeneity across municipalities that affects both mortality and the level of volunteering (e.g., the quality of local healthcare services) may bias estimates of the effect of volunteering.
To identify the causal effect of voluntary work on mortality, I use the variation in volunteering caused by the Kobe earthquake, which occurred in the midwestern part of Japan in 1995. The level of volunteering considerably increased in municipalities hit by the earthquake relative to other municipalities that did not hit by the earthquake. Based on a comparison of mortality between the municipalities that recorded no or little loss of life due to the earthquake but experienced a sharp increase in the level of volunteering, and the nearby municipalities that were not hit by the earthquake, I find that volunteering significantly reduced mortality among persons in two age cohorts, namely, those in their 70s and in their 80s or older.
To the best of my knowledge, this is the first paper to examine the causal effect of voluntary work on the recipients of voluntary service with an arguably credible identification strategy. Surprisingly, the effects of voluntary work, especially its effects on the recipients of voluntary service, have been overlooked despite its enormous potential effects given the scale of volunteer activity.
Instead previous research on voluntary work conducted by economists primarily focuses on determinants of the supply of volunteer labour, seeking to understand why people work for free (e.g., Freeman, 1997; Duncan, 1999) . A notable exception is the work conducted by Meier and Stutzer (2008) that investigates the causal effect of volunteering on life satisfaction of volunteers using a change in opportunities to volunteer caused by changes in firm infrastructure following the reunification of Germany. The studies most closely related to the topic of volunteering are those on contributions of money, as opposed to labour, to charity that investigate people's motivations to donate and optimal ways of fund-raising (e.g., DellaVigna et al., 2012; Carlsson et al., 2015) , the topics that have been extensively analysed by economists.
The remainder of the paper proceeds as follows. Section 2 explains the earthquake and its effect on voluntary contributions of labour. Section 3 discusses the identification strategy, while Section 4 describes the data sources. Section 5 discusses the main empirical findings and investigates the type of death that is affected by voluntary work to infer the mechanisms through which volunteering affects mortality. Section 6 examines the robustness of the main findings, particularly aiming to ensure that the main results are not driven by the direct effects of the earthquake. Finally, Section 7 discusses policy implications and concludes the paper.
The earthquake and voluntary work
The Kobe earthquake occurred in January 1995 with its epicentre in Hyogo Prefecture (see Fig. 1 ).
The earthquake recorded a magnitude of 7.3 and the maximum possible intensity of seven on the Japanese intensity scale in the southern part of Hyogo Prefecture. 3 The earthquake caused the second largest loss of life in post-war Japan: 6,434 people were killed, 43,792 people were injured, and infrastructure such as water and electricity were seriously disrupted (Fire and Disaster 3 The seismic intensity of seven is assigned to an earthquake strong enough to alter a landform or cause a landslide.
Management Agency, 2006) . During 1,500 years that earthquakes had been recorded in Japan, Kobe had never been hit by major earthquakes, lending credibility to the notion that the city was safe from seismic activity (United Nations Centre for Regional Development, 1995) . Local governments, businesses, and private households did not anticipate a large earthquake in this area and were not prepared for this large shock. For example, only three percent of property in the Kobe area was covered by earthquake indemnity as opposed to 16% in Tokyo (Edgington, 2010) . Thus, the earthquake arguably provides an ideal natural experiment that generates exogenous variation in volunteering.
How did the Kobe earthquake affect volunteering?
Shortly after the earthquake, a large number of volunteers from different parts of Japan gathered in the disaster area to provide emergency support, such as transporting relief and providing nursing.
A total of 1,377,000 people volunteered over the year following the earthquake, approximately 70% of whom were volunteering for the first time (Fire Service and Disaster Prevention Division, 1996) . The large-scale volunteer activities following the earthquake were broadcast as a new social phenomenon and subsequently served to popularize volunteer activity in Japan, as is demonstrated by the fact that the year 1995 is called 'volunteer gannen', meaning 'the starting year of volunteerism'. 4 Suga (2011) states that the sharp increase in volunteering helped change the perception of voluntary work from the activities that sacrifice oneself to render service to others to something that brings self-satisfaction by helping others. The earthquake may thus have helped popularize volunteer activity by making the public aware of a benefit it brings them. In fact, existing literature points out obtaining intrinsic rewards as an important motive for participating in voluntary work.
For example, Becker (1974) suggest that individuals help others because they have altruistic preferences and enjoy an increase in the well-being of others, and Andreoni (1989) suggests that people volunteer because they receive a warm glow via the act of giving.
The earthquake may have also helped increase the level of voluntary contributions of labour by making people more altruistic. For example, Vollhardt and Staub (2011) argue the case of 'altruism born of suffering', meaning that the experience of suffering increases prosocial attitudes and behaviour. They find that individuals who experienced adverse life events, including natural disasters, are more likely to exhibit prosocial response, in the forms of everyday volunteering and providing short-term emergency help, when confronted with others in need. Experimental evidence also suggests that people who experienced adverse life events are more prosocial under a certain condition (e.g., Becchetti et al., 2014) .
What is voluntary work?
In this paper, voluntary work is defined as activities conducted by and/or for residents in Hyogo Prefecture in a voluntary and autonomous manner that aim to contribute to the well-being of the public. 5 Specifically, I focus on voluntary work conducted by the volunteers registered with or known to the Hyogo Council of Social Welfare. 6 Those volunteers engage in activities that primarily target the elderly. The primary activities of the volunteers are delivery of meals, visits to homes, hospitals and care homes for a chat, organisation of community gatherings, and assistance with daily tasks (e.g., housework). 
Identification strategy
I now turn to a discussion of the identification strategy. This study explores the causal effect of volunteering on mortality by regressing mortality on a measure of volunteering, controlling for various socio-economic indicators. The following model is specified:
where ln(# deaths) it represents the log of the number of deaths in municipality i in year t, and ln(# volunteers) it is the number of volunteers in log. The time varying socio-economic characteristics, X it , and the parameter γ are K × 1 vectors, where K is the number of socio-economic indicators. ν i and τ t are municipality and year fixed effects, respectively, and ε it is the disturbance term.
The main coefficient of interest is β 1 which measures the effect of volunteering on mortality.
An econometric issue in the estimation of eq. (1) is the endogeneity of volunteering. Specifically, unobserved heterogeneity such as the quality of local healthcare services may affect both mortality and the level of volunteering. It may also be the case that there are more volunteers in municipalities with a large number of vulnerable individuals such as the elderly (reverse causality). If it is the case, the ordinary least squares (OLS) estimator for β 1 is biased. More precisely, a possible negative effect of volunteering on mortality is positively biased, resulting in a bias towards zero. 5 The following activities are not included in volunteer activity: the activities that (i) are for profit, (ii) aim to spread a certain religious belief, (iii) aim to promote or oppose a certain political doctrine, and (iv) aim to support or oppose a candidate for a public office, a public officer or a political party. 6 There are individuals not registered with the Hyogo Council of Social Welfare but known to volunteer. They are members of community organizations such as women's associations, neighbourhood councils, students associations, local elderly clubs, etc. There may be other volunteers not registered with and not known to the council. Possible implications of unregistered and unknown volunteers will be discussed in Section 5.
An unbiased estimator can be obtained by using the instrumental variable (IV) estimator, which requires an instrument giving exogenous variation in volunteering.
In this paper, earthquake damage is used as an instrument for volunteering. For the earthquake damage to be a valid instrument, I require the assumptions that the earthquake damage does not appear in eq. (1) and is not correlated with any other determinants of elderly mortality than volunteering. However, the nature of the instrument raises serious concerns about the validity of the assumption. Firstly, 6,434 people were killed by the earthquake, indicating that the identifying assumption does not hold in the year 1995. Secondly, apart from the deaths that occurred in the year 1995, the earthquake may have long-run effects on mortality. For instance, the earthquake may have disproportionately killed frail individuals such as the elderly, leading to a lower mortality afterwards because relatively fitter individuals survived. Thirdly, public resources provided subsequent to the earthquake may have also affected mortality. In order to address these types of concerns, two strategies are employed: namely, (i) omitting the year 1995 from the sample and (ii) retaining in the sample only municipalities that recorded no or little loss of life due to the earthquake.
Omitting the year 1995 would address the temporary change in mortality in the aftermath of the earthquake. The earthquake occurred in January 1995, and the peak number of 316,678 persons were displaced in January 1995. The number of displaced persons steadily decreased as the (re)construction of homes and temporary housing proceeded, and 97% of displaced persons left emergency shelters by August 1995. The earthquake also caused serious damage to infrastructure such as water and electricity. However, repairs of the infrastructure were extremely rapid. Electricity and phone lines were repaired by the end of January 1995, and water and gas supplies resumed by the end of April 1995. The earthquake also severely damaged medical facilities. As of January 1995, 33% of hospitals and clinics in Hyogo Prefecture were closed due to damage to buildings or disruptions in infrastructure. Within a month, however, 70% of hospitals and clinics had resumed operations, and subsequently 93% had resumed operations by the end of 1995. Thus, omitting year 1995 from the sample also addresses the possibility of an increase in mortality induced by temporary disruptions to daily life, infrastructure, and medical facilities.
Nevertheless, there may still be a concern that the damage caused by the earthquake had longterm consequences on mortality even after omitting year 1995. For example, the earthquake may have selectively killed weak individuals, implying that those who survived the earthquake might be the fittest individuals with a low risk of mortality. It could also be the case that the mental stress caused by the earthquake, deterioration of chronic illnesses due to disruptions to daily life (e.g., living in emergency shelters) and public resources provided in disaster areas had a persistent effect on mortality even after 1995. To address this type of concerns, I further restrict the sample and retain only the municipalities that recorded no or little loss of life due to the earthquake, although the results using the full sample will also be presented to investigate whether there is evidence of selective mortality and how sample specifications affect estimation results. Figure 3 shows municipalities in Hyogo Prefecture according to their damage intensity. Among the set of municipalities with damage, the grey area corresponds to a subset of municipalities that recorded little to moderate damage, while the black area corresponds to those severely damaged. 7 These are the four municipalities closest to the epicentre, the location of which overlaps with the area that recorded the highest seismic intensity of seven on the Japanese intensity scale. These municipalities lie along the faults that caused the earthquake (see Appendix 1) and account for a substantial amount of the physical damage due to the earthquake: 98%, 85%, and 88% of the total deaths, serious injuries and complete destruction of homes, respectively.
Omitting these municipalities has several important implications. Firstly, municipalities retained in the sample recorded no or little loss of life due to the earthquake, implying that even if the earthquake selectively killed vulnerable individuals, it would have happened outside the sampled municipalities. Secondly, as mentioned previously, medical facilities were heavily damaged, a large number of individuals were displaced, and public resources were provided in the disaster areas subsequent to the earthquake, which may have had long-term consequences on mortality.
Omitting municipalities severely damaged by the earthquake addresses these types of concerns, as emergency shelters, medical facilities that experienced severe damage, and the areas targeted for providing extensive public support were located outside the sampled municipalities. 89 Table 1 reports the average destruction due to the earthquake in the treatment and control municipalities. A municipality is categorized as treated if the municipality recorded a positive level of earthquake damage measured by the number of individuals slightly injured, although different measures of earthquake damage will be used in the section of robustness checks. After omitting the four most severely damaged municipalities, my sample consists of 27 municipalities in the treatment group and 57 municipalities in the control group. As expected, the share of individuals who died in the treatment group, 0.01%, is not substantial because severely damaged municipalities are excluded, implying that the issue of selective mortality is unlikely to be a severe concern in the sampled municipalities. The share of individuals with serious injuries, 0.06%, is again not substantial, while approximately 0.50% of people experienced minor injuries in the treatment municipalities. Destruction of homes was more substantial: namely, 2.42% and 9.17% of households had their homes fully and half destroyed, respectively. Turning to the control group, the control municipalities experienced very little to no damage due to the earthquake.
To identify the causal effect of volunteering, it is important that the treatment and control municipalities had similar characteristics prior to the earthquake. The pre-earthquake characteristics of the two groups presented in panel A of Table 2 indicate that there is no important difference in sex and age compositions, the divorce rate and the widowed rate. Although treated municipalities display higher in-and out-migration rates, the rates are not significantly different between the two groups prior to the earthquake. However, concerns related to migration still remain. For example, individuals who are particularly health conscious in the treatment group may have moved out after 7 A municipality recorded above the 75th percentile value of the distribution of a death measure is classified as a severely damaged municipality. The death measure corresponds to the number of deaths caused by the earthquake, such as death by crushing. Refer to footnote 11 for results using different definitions of severely damaged municipalities, corresponding to results using different sampled municipalities. 8 As of 1995, approximately 98% of displaced persons, 99% of the hospitals and clinics that were closed, and 91% of public expenditure on disaster relief were concentrated in the omitted municipalities.
9 Section 6 will explicitly account for housing capacity, healthcare capacity, and the provision of public resources as robustness checks.
the earthquake in search of better medical facilities. The different migration patterns would bias the results if the patterns were correlated with mortality risk and differed between the two groups.
Comparing in-and out-migration rates after the earthquake, however, reveals that neither inflow nor outflow rates were significantly different between the two groups. Nevertheless, one may still be concerned that individuals with a high risk of mortality, such as the elderly, moved out from the treatment group, for example, to live in nursing homes. Unfortunately, due to data limitations, it is not possible to further decompose migration rates by mortality risk. However, if the migration patterns were correlated with mortality risk, the migration would have altered the compositions of mortality risk between the two groups. To examine this possibility, I use age as a proxy for mortality risk and test the null hypotheses of equality of the percentages of individuals in their 50s, 60s, 70s, and 80s or older, respectively, between the two groups. The null hypothesis is not rejected for any age band for both before and after the earthquake, meaning that the results do not support the possibility that different migration patterns altered the compositions of mortality risk in the two groups. Panels B and C of Table 2 further present pre-earthquake characteristics related to education and economy by treatment status, for which I did not find any significant difference between the two groups.
The identification of the effect of volunteering on mortality also requires that trends in the treatment and control groups were the same prior to the earthquake. Figure 4 plots the mortality rate by age cohort. The mortality rate is expressed per 1,000 individuals in the corresponding age cohort. For a comparison purpose, the mortality rate of the set of municipalities that recorded a positive level of earthquake damage, including severely damaged municipalities, is also reported.
Not surprisingly, Fig. 4 shows sharp spikes in the year of the earthquake, 1995, regardless of age cohort for the set of damaged municipalities. As expected, however, after excluding the severely damaged municipalities from the sample, the treatment group does no longer exhibit the sharp spikes in 1995. Prior to the earthquake, the mortality rates between the treatment and control groups exhibited downward trends in every age cohort with higher mortality rates in the treatment group for individuals in their 50s to 70s. Note that the higher pre-earthquake mortality rates do not invalidate the identification because the systematic differences between the two groups are absorbed by municipality fixed effects in specification (1). After the earthquake, although the mortality rates observed in the treatment group remain higher, the gaps in the mortality rates between the two groups narrowed for both individuals in their 60s and 70s, implying that the mortality rates of the treatment group decreased to a greater extent relative to the control group.
Turning to individuals in their 80s or older, the pre-earthquake trends in mortality between the two groups were very similar. After the earthquake, the treatment group appears to have experienced a greater reduction in the mortality rates, which is in line with the possibility that an increase in volunteering as a result of the earthquake reduced the mortality rates of this age cohort. Data on covariates other than variables listed above are obtained from a survey report, the System of Social and Demographic Statistics of Japan (Syakai Jinko Tokei Taikei 1990 -2000 . The survey has been conducted since 1976 and collects information on socio-economic and demographic conditions of municipalities. As socio-economic indicators, I use municipality level measures of economic activity, demography, healthcare expenditure, and educational level: taxable income per capita, unemployment rate, sex ratio, age-cohort-specific population, divorce rate, medical expenditures on the elderly per capita, and high school participation rate. The first lag of population is used because mortality and population in period t are simultaneously determined.
Data and variables
Data on the unemployment rate and population by age cohort are available only in census years (i.e., 1990, 1995, and 2000) . Thus, values in years other than census years are computed in a manner detailed in Appendix 3.
Results
I begin by presenting the OLS estimates of eq. (1) in Table 3 . The dependent variables in columns (1), (3), (5), and (7) correspond to the log of the number of individuals who died in their 50s, 60s, 70s, and 80s or older, respectively, and each column controls for municipality and year fixed effects.
Adjacent even-numbered columns further control for time varying municipality characteristics. Table 3 indicates that every coefficient estimate is not significantly different from zero, implying that volunteering had no significant effect on mortality in any age cohort. The OLS estimator is, however, biased if (i) unobserved heterogeneity across municipalities that affects mortality is also correlated with the number of volunteers or (ii) the levels of mortality and volunteering are simultaneously determined. To address the possible endogeneity of volunteering, eq. (1) is estimated using the IV estimator. Table 4 presents the first-stage and reduced-form estimates of the effect of earthquake damage on volunteering and on age-cohort-specific mortality, respectively, and the IV estimates of the effect of volunteering on mortality (i.e., β 1 in eq. (1)). Panels A and B present results using the base sample that consists of the treatment and control groups. In addition, for a comparison purpose, panel C presents results using the full sample that consists of the treatment group, the control group and severely damaged municipalities. Earthquake damage is measured by percentage of individuals slightly injured, although other damage indicators will also be used as robustness checks. The damage indicator is equal to zero in every municipality before the earthquake and takes a positive value, for example 10, throughout the post-earthquake period if ten percent of the population is slightly injured in a municipality.
Panel A corresponds to a specification that controls only for municipality and year fixed effects. for the identification that the instrument is not weak, meaning that the instrument and the level of volunteering are highly correlated. A weak instrument is known to bias the IV estimator toward the probability limit of the corresponding OLS estimator. Stock et al. (2002) compute the critical value for the weak instrument test based on the first-stage F-statistic and suggest that an F-statistic above approximately 10 makes IV inferences reliable. Note in this regard that the F-statistics on the excluded instrument reported in column (2) exceed 10. Thus, according to their test for weak instruments, the instrument is not weak.
The reduced-form estimates in column (3) of each panel show that a higher rate of earthquake damage was significantly associated with lower mortality rates of people in their 70s and 80s or older. Finally, the causal effect of interest reported in column (4) of each panel indicates that volunteering had no significant effect on the mortality of people in their 50s and 60s, while it significantly reduced the mortality among people in their 70s and 80s or older. 10 Of particular 10 As mentioned in Section 2, the measure of volunteering does not capture volunteers not registered with and not known to the Hyogo Council of Social Welfare. The presence of the unregistered and unknown volunteers can affect the results in Table 4 if (and only if) the propensity to register or to be recognized by the council was correlated with elderly mortality and differed between the treatment and control groups. Due to data limitation, it is impossible to further investigate this possibility. However, it is worth noting that the presence of the unregistered and unknown volunteers does not invalidate the story that volunteers reduced elderly mortality, although it affects the interpretation note, the point estimates obtained using the base sample (panel B, column (4)) are not significantly different from corresponding estimates obtained using the full sample (panel C, column (4)), 11 which has important implications regarding a concern of selective mortality. Recall that one of the reasons to omit severely damaged municipalities that account for the vast majority of fatalities due to the earthquake is to address a concern that the earthquake selectively killed vulnerable individuals, leading to a lower mortality rate afterwards because only fit people survived.
If this is the case, both IV and reduced-form estimates obtained using the full sample would be greater (in absolute terms) than corresponding estimates from the base sample, because the full sample contains, in addition to individuals in the treatment group, those who were exceptionally fit and survived despite the fact that they were in the severely damaged municipalities. However, although the IV and reduced-form estimates obtained from the full sample are generally greater (in absolute terms), the estimates obtained from the two alternative sample specifications are not significantly different from each other, implying that the earthquake is unlikely to have disproportionately killed vulnerable individuals within each age band. This is not surprising, as the vast majority of victims were crushed or choked to death due to the collapse of their homes and passed away within 24 hours after the earthquake occurred (Hyogo Prefecture, 2005) . 12 Thus, the initial health endowments of victims within each age band may have not been particularly important for survival, unlike deaths due to, for example, hunger for which people with greater initial health endowments are more likely to survive.
The estimated causal effect suggests that a one-percent increase in the number of volunteers reduced mortality among people in their 70s and 80s or older by approximately 0.09% and 0.15%, respectively, on average (column (4), panel B). Evaluated at the mean, the estimates imply that the lives of roughly two individuals aged 70 or older (out of 199 persons) were saved in a given year when the number of volunteers increased by 100 (out of 1,389 persons). Conditional on living until 70, a one-year extension of life is a substantial increase, corresponding to an approximately six percent increase in life expectancy. 13 Having estimated the elasticity of mortality with respect to the number of volunteers, it is informative to know the number of hours of voluntary work to assess the size of the estimated elasticity. Unfortunately, data on the intensity of voluntary work are very limited. Nevertheless, using data on frequency and contents of voluntary work, I compute the number of hours worked per volunteer (see Appendix 6). The estimate indicates that a volunteer worked approximately 88 hours per annum, implying that 100 additional volunteers correspond to roughly 8,800 hours of labour. To assess the economic value of 8,800 volunteer hours, I assign, to these volunteer hours, how much it would have cost to hire paid workers to do the same work that volunteers did without payment, as recommended in the manual on the measurement of volunteer work (International Labour Office, 2011) . Following the calculations in Appendix 6, 8,800 hours of the estimates.
11 In addition to the full sample, I also run regressions using the samples without the one to five most severely damaged municipalities. The results are robust to changes in sample specifications, confirming that the mortality of individuals in their 70s and 80s or older decreased following an increase in the number of volunteers as a result of earthquake shocks (see Appendix 4). 12 The earthquake occurred at 5:46 in the morning, and most victims died at home. 13 Life expectancy at age 70 in Hyogo Prefecture was 16 years in 2000. The calculation of life expectancy can be found in Appendix 5. of labour are worth $71,360, implying that approximately $71,360 worth of labour was used to save the lives of two individuals aged 70 or older in a given year. 14 As the estimates capture the net effect of volunteering on mortality, it cannot be determined whether the reduction in mortality is driven by that of volunteers or care recipients. However, the reduction in mortality among people in their 80s or older occurred among care recipients because every volunteer was younger than 80 (Hyogo Council of Social Welfare, 1997). The effect on people in their 70s is inconclusive given that 13% of volunteers are in their 70s. It is, however, likely that the reduction in mortality occurred among care recipients because volunteers are presumably fitter than care recipients. This inference is further strengthened by the fact that volunteering had no significant effect on the mortality of people in their 50s and 60s. As roughly half of volunteers were in their 50s or 60s, a reduction in mortality of people in these age cohorts would be observed if volunteering reduced the mortality of volunteers themselves. 15 It has been established that volunteering reduced mortality among the elderly. However, the results are not informative regarding the mechanisms through which volunteering affects mortality.
To infer the operating mechanisms, I regress cause-specific mortality on volunteering. 16 Although it is at best suggestive evidence, examining the types of deaths affected by volunteering would help narrow down the potential operating mechanisms. Several possible channels are discussed below. Firstly, it may be the case that volunteering enhances social contact, and more social contact subsequently leads to better health and reduced mortality risk (House et al., 1988) . Companionship of volunteers may encourage positive emotions, such as happiness and a sense of security, which serves to reduce stressors and thereby improve the health status of an individual. The link between stressors and health status is well documented. For example, Kiecolt-Glaser and Glaser (1995) find evidence that stressors affect the strength of the immune system, which in turn influences the progression of cancer and infectious diseases. Secondly, using volunteer services means that someone visits the elderly regularly, implying that the elderly are provided with substantial care.
Recalling that some of the main activities of volunteers are to provide meals and assistance with daily tasks including going out, volunteers may help the elderly to have well-balanced meals and/or engage in exercise, which may subsequently improve their general health conditions. Table 5 reports the IV estimates of the effect of volunteering on cause-specific mortality after controlling for socio-economic indicators and municipality and year fixed effects. Columns (1) to (3) indicate that volunteering significantly reduced mortality caused by cerebral vascular disease, heart disease, and decrepitude. Risks of cerebral vascular disease and heart disease are known to 14 The estimates in Table 4 capture the contemporaneous effect of volunteering on mortality; therefore, they reflect the short-run effect of volunteering. Long-run effects, if any, are not included in calculations.
15 Table 4 indicates that the short-run mortality of individuals in their 50s and 60s is not affected by voluntary work. This does not exclude the possibility that volunteering affects the mortality of those in their 50s and 60s later in life. For example, Harris and Thoresen (2005) , using data on elderly Americans, find lower mortality risk among volunteers relative to non-volunteers. 16 A caveat is that data on mortality by cause of death are available by municipality but not by age. As types of mortality prevalent among younger individuals, such as those related to childbirth or suicide, are irrelevant to my analysis, I run regressions only on types of mortality prevalent among individuals in their 70s or older, the age cohort for which significant effects of volunteering on mortality are found. The proportions of deaths accounted for by individuals in their 70s or older are as follows: cerebral vascular disease (80%), heart disease (79%), decrepitude (100%), cancer (58%), hypertensive disease (89%), and pneumonia (90%). be reduced by a healthy diet and regular exercise. Thus, volunteering may have reduced mortality caused by these diseases by improving the general health conditions of the elderly by, for example, providing them with well-balanced meals or helping them engage in exercise. Likewise, the significant reduction in mortality caused by decrepitude (i.e., natural death due to age with no particular known disease cause) was also likely due to an improvement in general health conditions. Mortality caused by illnesses documented to be affected by improvement in the strength of the immune system, such as cancer and infectious diseases (e.g., pneumonia), was not affected by volunteering (columns (4) and (5)). The results imply that the reduced stress channel is unlikely to be an operating mechanism. 17 Column (6) indicates that volunteering also had no statistically significant effects on hypertensive disease, which can be caused by, among other factors, stress, congenital defects, malnutrition, and obesity. Volunteering could reduce elderly mortality caused by hypertensive disease, possibly through improving the nutritional status or reducing the stress of the elderly. However, the level of mortality due to hypertensive disease is very low. Thus, there may not be sufficient variation in the data set to precisely estimate the effect on the mortality caused by hypertensive disease.
Robustness checks
In this section, to establish that the main results are not driven by unobserved factors correlated with volunteering that reduce mortality, such as general altruism, I firstly control for their proxy and also conduct falsification exercises. Secondly, I investigate whether the main findings in the previous section are driven by omitting relevant variables, such as public spending on disaster relief. Thirdly, further falsification exercises are conducted to ensure that the observed increase in volunteering is not spurious. The results for these falsification exercises are summarized in Appendix 7. Finally, I examine the robustness of the results to different damage measures as instruments, for which results are discussed in Appendix 8.
Firstly, unobserved factors apart from volunteering, such as general altruism and social cohesion, may have changed in the wake of the earthquake, and these factors, plausibly correlated with the level of volunteering, can provide alternative explanations for the previous findings. To address this concern, two strategies are employed. Firstly, I control for general altruism proxied by donations of money to charity. The inclusion of this variable would disentangle the effect of unpaid labour from that of general altruism. Results are summarized in panel A1 of Table 6 . Panel A1 indicates that the first-stage and IV estimates are not sensitive to the inclusion of the proxy of general altruism: earthquake damage significantly raised the level of volunteering, which subsequently reduced the mortality of individuals in their 70s and 80s or older. The estimates of coefficients on the proxy of general altruism (not reported) are not significantly different from zero at any conventional significance level, indicating that general altruism is unlikely to have reduced mortality. Secondly, the mortality of children and young adults is regressed on volunteering. If unobserved factors such as those mentioned above drive the main results, they would also affect 17 Insignificant effects on mortality caused by cancer and pneumonia in the short run do not exclude the possibility that volunteering affects mortality caused by these diseases in the longer term. the mortality of age bands other than the elderly. In contrast, if it is indeed volunteering that drives the main results, it would not affect the mortality of children and young adults as the volunteering in question targets the elderly. Panel B of Table 6 regresses the mortality of four different age bands, 0 -9 to 30 -39, on volunteering. Panel B indicates that the first-stage estimates are highly statistically significant, while there was no significant effect of volunteering on the mortality of children and young adults.
Secondly, one may be concerned that the main results are driven by a change in the provision of public resources subsequent to the earthquake. For example, government spending increased in the treatment municipalities after the earthquake, and some of this increased spending may have been used to construct new homes for earthquake victims or allocated to the healthcare sector.
Mortality in the treatment municipalities may have decreased because treatment municipalities benefited from an improvement in living conditions and/or healthcare capacity (e.g., more healthcare professionals). These concerns are likely to be (at least partly) addressed by omitting the severely damaged municipalities because a significant proportion of public spending on disaster relief was used for the omitted municipalities. In addition, public medical expenditures that specifically target the elderly have already been controlled for in every regression. Nevertheless, to confirm that the main findings are not driven by omitting relevant variables correlated with volunteering, I control for housing capacity, measured by the number of temporary housing for earthquake victims per 100 households; healthcare capacity, measured by the number of hospitals and clinics per 1,000 individuals; and public resources, captured by a dummy variable that equals one if a municipality was located in the areas where disaster relief act was applied, and zero otherwise. 18 The act was applied to the areas where the government defined to be damaged and these areas were targeted for providing various public support. Panel A2 of Table 6 
Conclusion
This paper explored the causal effect of the voluntary contributions of labour to local services, in the form of voluntary provision of daily care to the elderly, on elderly mortality. To identify the causal effect on mortality, I exploit exogenous variation in volunteering caused by an earthquake.
To address the obvious issue that the earthquake increased mortality, the year of the earthquake is excluded from the sample, and only the municipalities that recorded no or little loss of life due to the earthquake are retained in the sample. Consistent with the random nature of the earthquake, no significant difference between the treatment and control municipalities was observed regarding municipality characteristics. However, a sharp increase in the level of contributions was observed after the earthquake only in the treatment municipalities. The reduced-form estimates of the effect of the earthquake on mortality indicate that the earthquake damage significantly reduced the mortality of persons in two age cohorts, namely, those in their 70s and 80s or older. In line with these reduced-form estimates, the IV estimates indicate that volunteering significantly reduced the mortality of these same age cohorts. Regarding mechanisms, supplementary regressions suggest that volunteering likely reduced elderly mortality by improving the health conditions of the elderly.
My estimates capture the effect of volunteer work on one of a number of possible outcomes.
There could also be other effects of volunteer work, such as enhancing subjective well-being or quality of life, which are important possible measures to be investigated in future research. It is also important to note that the estimates of the effect of volunteering in this paper are obtained using variation in volunteering caused by earthquake shocks. Similar to the findings in this paper, Vollhardt and Staub (2011) 
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